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SUMMARY

An investigation in the Langley Research Center Mach-8 Variable
Density Hypersonic Tunnel was made of the pressure distributions and
heat transfer rate distributions on two 0.029 scale Viking Entry Vehicle
models. Comparable ranges of test Reynolds number (Re) were exercised for
the two tests between high Re run conditions around 4 x 106 and low Re
conditions of about 1.6 x 106.

At angles of attack less than 70 degrees the pressure ratio distribu-
tion (PRD) referended to stagnation pressure Ptz appeared invariant with Re.
Increasing ¢ results in a flatter distribution of both the windward and
leeward pressure distributions; in additioa., the stagnation point shifted
{nto the windward plane.

Base pressures were uniform for the higher R, test conditions and
were of the same magnitude as the ambient static pressure, P .

Model i measurements obtained from 53 sensors were normalized by t-e
stagnaticn heat transfer rate &S based on a separate reference hemisphere
model test. Interpolated plots of Aeroshell distributions of heat transfer
rate ratios, &/as, presented as a function of & 1llustrate the gradual
shift in the region of maximum heating rates (émax'z 0.63) toward the model
windward region and the reduction in heating rates on the leeward side with
{ncreases in o up to 16 degrees.

A subsequent rise in the heating rate profile on the leeward side with
further increase ina is attributed to bcundary layer natural transition to

turbulent flow.

Schlieren photographs were taken for flow field visualization and to

correct model sngle of attack.
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Forced transition of the leeward boundary layer resulted in a mea-

surable increase in heat rate over the pitch plane mid-cone surface. At

o < 22 degrees however, the increase in heat rate reduces near the cone

edge. At a D> 22 deg the heat-rate increase resulting from natural transi-

tior prevails along the pitch plane leeward surface throughout.




I. INTRODUCTION

To verify the analytical predictions for the heating environment of
the Viking Lander Capsule (VLC) Martian entry phase, {t is necessary to
determine experimentally the ccnvective heat transfer rates to the VIC
aeroshell and base cover surfaces. The present investigation provides
pressure distributions and heat transfer distributions over the VLC at
representative flight conditions.

On the basis of the common assumption of heat transfer rate ratio
(éi/és) {nvariance with hypersonic Mach number, a wind tunnel {nvestiga-
tion was implemented in the NASA/LRC Mach-8 Variable Density Tunnel (M-8
VDHT) for the measurement of the convective heat transfer over the VLC A'S
and BC surfaces.

In addition to the heat transfer model, an identical scale pressure
model was provided to obtain pressure distributions at test conditions
comparable to those of the heat transfer tests.

An additional test objective was to obtain near-wake temperature mea-
surements for use in communication attenuation/blackout analyses. This por-
tion of the {nvestigation was completed during July 1972. The wake tempera-
ture data will be added as an Appendix subsequent to release of this docu-
ment.

This investigation provides data under equilibrium ‘low conditions
{n air of specific heat ratio Y equal 1.4; a later {rvestigation using
these models is planned in the NASA/LRC Hypersonic Freon (CF,) Tunnel to
establish the equivalent heat transfer ard pressure data in a test medium

more nearly simulating the Martin CO, real gas environment.
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The magnitude of the heating rate depends on the boundary layer state
(laminar or turbulent). An assessment of the A/S bounda.y layer charac-
teristics was made through boundary layer tripping surveys over the model
leeward regions as can be seen from heating rate data.

The Mach-8 test Reynolds number (Re) conditions for the pressure and
heat-trans fer tests are 3.5 x 100 and 4 x 106 (High), 2.8 x 106 and 2.8 x
106 (Mean) and 1.5 x 106 and 1.7 x 106 (Low) respectively.

These VLC pressure/heat-transfer tests were performed during the period
of February 18 - March 2, 1972 and all the data obtained during this pertfod

are presented in this report.
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11. DEFINITIONS

Symbols and Nomenclature

2 9
4°, .08735 fr”.

Reference area -
<+

Speed of sound, a = 49,01 Q'E (OR) (ft/sec) for ailr

Specific heat at constant pressure, Cp = 24 Btuflb-oR

Specific heat at constant volume, CV = .17 Btu'lb-OR

Drag force coefti ient

Model diameter = 4.002 in = .333 f{t

9
Acceleration of gravity, 32.17 ft/sec’

Enthalpy (Btu/lb); hect transfer coefficlegnt, or "film"
coefficient defined as:

oT

CQ - Qo) ot

Tad ) Tw

Degrees Rankine

Free stream Mach number, defined in tunnel by:

-b b2 a-log,y Py ("S”\ ¥

= 4+ | — -

2¢ ACZ c /

where: a = 69,731
b = -20.290
c = 1.494

Pressure (psi)

Barometric Pressurec (psi)
Prandtl number EEP
Dynamic pressure (PV2/2)

Heat transfer rate (Blu/ftz-sec)

Heat transfer rate (Btu/sec)

Total heat load (Btnfftz)

6

PR PSR TY T a WaR Re




X X W™ R ©

tn

6 © ™

~ o

o~

Reynolds number ®vd/ i)
Reynolds number based on boundary layer momentum thickness.
pcvee
M.

Curvilinear coordinate, surface length (in)
Temperature, (degrevs Rankine)

Time, (sec)

Velocity (ft/sec)

Distauce measured along longitudinal axis, (in)
Distance measured along Y axis

Distance measured along Z axis

Angle of attack (deg)

Angle of bow shock; angle of sideslip (deg)
Ratio of specific heats, Cp/Cv

Entry flight path angle, (deg)

Boundary layer thickness, (in)

Laminar boundary layer thickness, (in)
Turbulent boundary layer thickness, (in)
Boundary layer displacement thickness, (in)
Density ratio, pl/pZ

Boundary layer momentum thickness, (in)
Total thermal coaductivity, (Btu/sec-ft)
Coetficient of visco: !ty (1b-sec/ft?)

3
Density (:lugs/ft )

Roll angle (deg), denoting positioning of pressure/temperature “
sensors , A.
Recovery factor, defined on page 15, Vhi‘
Acenmed width of A/S peripheral flange. T
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Subscripts

B

E

Base

Inertial entry conditions

Edge of boundary layer

Integer denoting pressure pickup or thermocouple
Local conditions

Maximum

Normal to surface

Parallel to surface

Stagnation conditions

Total conditions, time

Wall conditions

Based on boundary layer momentum thickness
Ahead of shock wave

Behind shock wave

Free stream conditions, static

B. Abbreviations and Acronyms

in

Inches

Diameter

Viking Lander Capsule
Angle of Attack
Aeroshell

Base cover

Inside diameter

Outer diameter

-l N IR, SIS & W e



em
deg

Sta(s)

qD

sec

Hg
BLIMPC
PD

IRD

-3

max
q,/q
EV

pos

neg

Electromagnetic

Degrees in angular sense or degrees Rankine
Station(s)

Nominally equal to or "defined as"

Heat Transfer distribution

Seconds

Mercury

Boundary layer integral matrix procedure - Version C
Pressure distribution

Pressure ratio distribution

Heat transfer rate

Maximum heat transfer rate

Heat transfer ratio, "heating rate'", "heat rate"
Entry vehicle

Positive

Negative




I11. TEST DESCRIPTION

A. Test Facility

Pictorial vivuws and operating description of the M-8 VDHT Test tacility

are given in Figures 1, 2 and 3.
The tunnel is supplied with tank stored air delivering a range

in tunnel total pressure Pt1 from about 350 to 2800 psia at a constant
Mach number of 8. The tunnel flow exhausts into the atmosphere when Ptl
exceeds 2300 psia. For Ptl below this value the tunnel exhausts into a vacuum
tank. The axisymmetric contoured nozzle test scction measures 18 inches
diameter, but the test core diameter ranges between 4 to 14 inches depending
on the total pressure level., As stated in Figure 1, the tunnel air flow is
heated electrically to provide the required test temperatur< environment to

prevent air liquefaction.

The 4 inch diameter VLC model (Figure 2) is sting mounted on an
injection mechanism which operates from an enclosure or housing below
the test section. Mo“2l O~ settings are approximated on the sting-
mounted bracket adaptor where allowance is made for finite deflection
occurring in the injection system caused by model airloads.

Post-test cooling of the model is accomplished by air cooling Jjets
activated to impinge on the model retracted to the housing.

Figure 4 illustrates the operation envelope of the LRC M-8 VDHT.

B. Model end Instrumentation
Sepsrate VLC pressure and heat-transfer stainless steel models of

0.029 scale were fabricated for the test program.
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1. Pressure Test Model

A geometrically scaled pressure model (Figure 2) was assembled

as shown in Figure 5.

The capsule attachment to the 0.75-inch-diameter sting is located
in the lower region of the base cover away from pressure orifice loca-
tions. A small air gap is made to provide pressure equilibrium inside
the model and to minimize both heat conduction from the A/S and model
thermal warpage. The pressure model A/S surface thickness is about 0.09
inch,

The model pressure tubing installation is described in Reference 1.
The fifty steel pressure tubes channeled from the model through the hollow
sting were mated with a pinch-bar mechanism incorporated within the injec-
tion system housing. The pinch-bar mechanism permits holding an existing
pressure level at the time the test run is terminated. The run can then be
repeated as many times as required to eliminate pressure lag in the system,
Flexible tubing completed in the pressure connection to the manometer board
and the barocells.

Schlieren coverage of the model was monitored prior to and during
each run. The schlieren photographs provide the mcans of determining
the test angles-of-attack, O, within 0.1 - 0.2 deg accuracy.

2. Heat Transfer Model

The 2.9 percent scale heat transfer model of the VLC was fabrica-
ted for convective a measurements at tunnel operating conditions nearly
similar to those employed in the pressure test. A drawing of the test
article 1s presented in Figure 6 and a photograph of the model components
{s shown in Figure 7. The q model is of the thin skin type and equipped

with 46 30-gage chromel/alumel thermocouples spot-welded to the inside

e g mv , AR M WA W A
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model surface at locations duplicating those defined for the pressure
orifices of the pressure model. The model skin thicknesse:s measured at
each thermocouple are listed in Figure 6. For the BC é measurements,
special sensors are used to meet the requirement for high sensitivity:
two Hy Cal calorimeters, responsive to a-rates less than one Btu/ft?-
sec, were installed on the 40 and 62-deg frustums,

Further inboard on the 62-deg frustum and oriented at radial planes
of ¢ = 30, 66, and 90 deg several thermocouple-type sensors (thin is50-
lated discs) are installed that are similarly capable of sensitive measurc-
ments of low i values.

All &-sensor wires were channeled through the sting support to the
control room data system. While some of the BC q data were monitored
as control-room rcal-time observables all the A/S and BC temperature
data were transmitted directly to the remote Beckman digitizer system.

A few A/S thermocouple readings were monitored in real time on strip
chart displays.

To accomodate the A/S thermal expansion and to minimize heat conduc-
tion to the BC during test, a semi-elastic bond was dovised between the
A/S and BC. An A/S sle2ve-extension was seated and retained in a RTV-
f{1led circular groove machined into the base. Again, model Of-settings
were approximated on the sting mounting fixture prior to each run and then
accurately determined by measurements on Schlieren plctures of the on-line
model attitude.

3, Heat Transfer Sphere

A four-inch diameter stagnation heat transfer reference hemis-
phere was sssembled as shown in Figures 8 and 9, This 35 inch thick

polished hemisphere wvas {nstrumented with thermocouples on the inside
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surface axisymmetrically about the stagnation point. The thermocouple
locations include one at the central stagnation point and four on the X-Y
axes at spherical-coordinate equi-angular marks of ‘3-=9.5 deg. The skin
thickness was measured at thermocouple locations and these data are listed
in Figure 9.

The output of the five thermocouples was directed to the remote
Beckman recording and digitizing system and also displayed as real-time

curve plots in the control room.

C. Test Procedure

Run programs of the PD and <'1D tests are given in Tables 1, II and
1I1. The arrangement of instrumentation locations on the upper pitch
plane necessiates running the model at numerically equal positive and
negative O -settings to determine complete A/S data distributions over
the representative flight O -range. The numericelly equal (or approxi-
mately equal) positive and negative model O-settings are referred to as
conjugate Qt-settings.

1. Pressure Test

Nominal conjugate Ot -settings at 4-degree i{ntervals from 0= 0

to + 20 degrees (plus one additional run at o = -30 deg) were approxi-

S ed

mated “or the High and Low R, conditions. At zero-a one additional rurn
was made at a Mean R,. The duration of each run was governed by the
tunnel operational constraints and by the model capacity to withstand
the heat buildup. The model could remain in the test gection 50-60 sec
depending on the operating Re. Since this operating time limitation
conflicted with the equilibrium lag time {nherent {n the pressure system,

{t was necessary to repeat "accumulative" pressure runs. The model ¢

e, SCRRE. M WA




pressure system pinch-bar mechanism was actuated to hold the existing

Hg pressure columns level while tunnel shut down procedures, including
cooling of the model,were followed. When the model was re-injected in the
test section the pinch-bar mechanism was released allowing a new iterative
pressure profile to appear on the manometer board. This entire procedure
was repeated until the columns described a non-changing profile tanta-
mount to pressure system equilibrium,

The manometer board levels were monitored on TV and also photographed
prior to each sequential shut-down. For each on-line test condition the
tunnel parameters were recorded and processed through the LRC Beckman/CDC
digitizer/computer. The tunnel parameters were Pi’ Ptl’ | Tad’ Tt’ L

Voo M > Re' 9. and Pa'

2. Heat Transfer Test

Table 11 defines the operating Re conditions as High, Mean énd

Low. For each Re the conjugate pairs of (:T-settings ranged from O to
+20 degrees, at 4-degree intervals. One additional low-Re run at o= -30.5
deg was included and one vextra low" (X-Low) Re condition of 0.4 x 10°
was attempted for a . ~ 0. The temperature time history on the model
was monitored with & strip chart connected to several A/S thermocouples.
Starting with model injection, the thermocouple typical temperature
history develops as {1lustrated in Figure 10. The transient temperature
data were also recorded on magnetic tape. As was the case during the
pressure test, the effective model aT'swere measured approximations of
the nominal as specified for the test.

Special ngh-Re 6 runs were made with the model conteining & boundary
layer trip (.005 in diameter wire) placed on the model leeward surface.

fwo additional high-oO conditions, (a,r equal 22.2 and 26.2 deg) were also

11
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tested in an attempt to induce natural transition in accordance with
data in Reference 4. Schlieren photos taken prior to and during test
conditions were used to define A accurately.

Representative schlieren views of the model at negative o's are
presented in Figure 1l1l.

3. Heat Transfer Reference Hemisphere Test

As listed in Table III, the stagnation & reference hemisphere
was injected in the tunnel at four different R, test conditions, X-lLow,
Low, Mean, and High,

The temperature time-histories recorded for the "shoulder' thermo-
couples provided heat transfer rates. These data, when combined with
BLIMPC computer solutions of blunt-body q-distribution, provided semi-
empirical solutions of reference stagnation heat transfer rates As'

Schlieren pictures of the hemisphere are presented in Figure 12,




IV. DATA REDUCTION AND PRESENTATION

, were recorded

The wind tunnel test parameters Pt’ Tt’ B, »

P
a

vs time on magnetic tape for subsequent use in data reduction.

A. Pressure Test Data

When the pressure system equilibrium was reached the on-line condi-
tion was marked by simultaneous actuation of both the schlieren and mano-
meter board cameras. The manometer photograph:s were scanned by a film
reader to a resolution of 0.02 in Hg (= .0l psi). Each pressure read-
out, Pi’ was non-dimensionalized by the stagnation pressure, Ptz' For
each pair of conjugate runs from which the diametrical pressure distribu-
tion was determined, Ptz i{s the stagnation pressure derived from interpola-
tion of the windward pitch-plane peak prescures.

VLC base-pressures and pressures around the A/S corner were obtained
with barocells and recorded at about three-second intervals for inclusion
{n the LRC Beckman/CDC data processing routine. Similarly, the tunnel
static pressure was also recorded by the Barocell Beckman data link.

Schlieren views of the VLC operating at nug cyT's (pos ot g ®
not shown) are illustrated in Figure 11. The basic pressure data are
plotted in Figures 13, 14 and 15.

Because of the discrepancies occurring between conjugate OT-
settings, the data were cntered on @ three-dimensional plot of radti. !
(or surface-dimensional) PRD'=« with variation in Otp. Filgure 10 {ntro-
duces different date symbols which denote pressure-tap location- along
A/S intersections of radial planes (through VLC body-axis of symmetry)

{dentified by the ¢-coordinates 0 and 180 deg, 90 and 270, 330, 300, 30

and 60 deg.

13
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Figures 17 and 18 are quasi-isometric illustrations of A/S PDs for
o = -11.2 and -30.3 deg. Also, an isobar plot has been prepared
for @ = -11.2 deg in Figure 19.

Radizl and angular variations in base pressures are shown from basic

in Figure 20 for o = -11.2 deg.

B. Heat Transfer Dzta

1. Aeroshell
The gereral equation (Reference 6) describing the transient

heat-transfer process for the V1.C blunt cone having a thin wall, Ag, is:

Q¢otal (per unit arez) = Yconvection * 9.onduction in skin
. . (1)
9y adiation Q. onduction to inside model
or ) 5
oT T T
; W 1 W +
C A("::—-h = [h (Taq- T } + (kA t+ 37
PC, 2% 5t ad- T,) ax2 X ox
(2)

qradiation M qconduction to inside
of model

Justifications for neglecting the small radiation and conduction terms are
given in Reference5. Calculations of the radial conduction are given in
the Appendix. Although gencrally negligible, the conduction terms do apply
to areas of high temperature gradient such as the BC corner area. For &= 0
the heat conduction around the A/S corner from front to back is equivalent
to a negative heating rate correction, A(éi/ds)’ pertaining to the BC
peripheral thermocouple Station #15.

The basic data expression for local heat transfer coefficient, h, is

defined as:




4%~
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"y
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4

Tad - T

%4

where the wall temperature rate of cacnge was evaluated from data.

The adiabatic wall temperature, Tad, wae acquired irom the expression

Tad = Tt 7 ; wheren 1is the recovery factor (7 = 0.90 for laminar

and 0.99 for turbulent boundary layers). Figure 24 describes the tem-

perature-dependent coefficient for specific heat, C

5? for the model

material 17-4 PH stainless steel alloy composition 1icted in Table 1V,

2. Referonce Hemisphe

re

Stagnation 9 reference data are based on reference hemisphere

thermocouple data and on BLIMPC computer runs of qDs over a =phere.

These sphere-test és quantities, corrected for the ratio of the V1C

model nose radius to the re

ference sphere radius, were adjusted to reflect

the explicit turnel operating Pt and Tt conditions (Table 1I) corresponding

to each set of ii/éc soluti

ons.

The latter computations were mede with reference to the Fay & Riddell

expression for q.» referenc

C. Base Cover

The BC heating rates,

e 7.

detected by calorimeters and by thermocouple

sensors,are evaluated independentl]y in accordance with their respective

calibrations. The two types of sensors were calibrated jointly in the

laboratory to ensure

comp

atibility in the low BC & environment.

3
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V. DISCUSSION OF RESULTS

A portion of the figures presented in this report deals with the
manual interpolation of the basic datd. The Jdifferent symbols -el ting
the High, Mean and Low R ~run conditions are consistently maintained

¢

throughout the plotted data.

A. Pressure Distribution

The on-line tuancl condition -oinciding with the attainment of model
pressure eystem equilibrium are iisted in Table I.

1. Aeroshell Basic Data

i

| A’S radial PDs obtained from the ¢ = 0, 180 deg pitch (meri-
disn) plane pressure orifices are plotted for all test conditions in
Figures 13, 14 and 15,

A radiqal ehitt in the windward pitch plane {s seen in the stagnation-

pressure region trom the apex to s/RB = -,25 with variation in a'I’ from

0 to -11.2 deg. At @@= -20 deg the stagnation point is observed at S/RB =

-0.46. Also, with {ncreasing nog @« flattening trend is seen of the wind-

ward PDo along with o prossure decrease on the leeward side. Typical of the

high-@ lceeward PD decrease is the appearance of the shallow bucket pro-

filc which {» attributable to flow overexpansion occurring in the nose-cone

tangency region,

The A/S PDs obtained for High, Mean and Low test conditions at & = 0O

_V‘___ were essentially congruent. Moreover, at A/S flight attitude (@@= -11.2

- a3

R
o

*
» &g

b

ﬂ'.’;h.
3

deg) the meridian-plane basic data PD: appear invariant with Re.

3
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2. Base Cover Basic Data

Radial BC PDs are shown in Figures 20 and 21, The signi-
ficant point to be made about the BC PDs is that they are rather rnitorm
and that they measure approximately 1 to 1% percent of the stagunation
pressure. In close agreement with earlier VLC Mach-8 BC pressure ~tudics
(Reference 6), the base pressures are very similar to the freestream,
static pressure, ﬁn , which is superimposed (dashed lines) on all the BC
pressure data.

For zero-O test condition, the pressure nvar the half-radius (R,/RB =
.5) location shows & rise with increase in Re. However, for (!t = -11.2
deg the test data do not suggest a similar Re-d(’pcndency. Conversely, a
slight amount of base-pressure - dependency appears unaffected by varia-
tion in Re.

Figures 22 and 23 present additional pressure data plotted ot
constant base radius. The near constant pressures maintained with varia-
tion in ¢is almost independent of model Ot- variation.

3. Pressure Data Interpolation

The difficulty in aligning the model at nominal even alphas at
4-deg intervals was discussed in Section II1I. Although the basic data
were obtained at attitudes which differed from the cven-—-@ settings, they were
interpolated by the three-dimensional views of pres:ure protiles plotted

against o . as shown in Figures 16a-f . The {nterception of pressure-linex

T
at even alphas is easily seen on these plots. The three-dimensional plot
clearly shows that the pressure had not reached equilibrium for the run at

a.r = 4+15.1 deg. Figurel7 clearly shows the flattening of the windward

pressure distribution and the leeward pressure reduction with incresse {n




v
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negative O. Also observed at high o is the local drop in pressure at
the leeward hemisphere-nose/cone-body tangency intersection.

Minor discrepancies in conjugate data-sets may be traced to tunnel
core-flow variations encountered with model installation changes, Figure
16b {llustrates the pressures obtained diametrically across the A/S for
¢-planes of 90 and 270 deg. These lateral pressure taps exhibit, at
zero O, the characteristic pressure bump at the nose and the sloping of f
of pressure profile toward the cone edge. With increase in O, the lateral
pressures decrease and assume a flatter profile. Ideally, the inter-
polated pressures should measure the same for conjugate pairs, but differ-
ences in flow fields with model positional variation in a nonuniform core
give rise to data anomalies.

When used together, the interpolation plots are imstrumental in
developing Figures 17 and 18 which are idealized three-dimensional PRDs
over the A/S operating at @ = -11.2 deg at High Re’ The contrast
between the windward and leeward flow regimes is evident in Figure 19
which represents a plan view of 1sobars contoured about a windward

stagnation region at R/RB s 0,35,

B. Heat Transfer Distribution

1, Aeroshell
Basic data obtained for the A/S ¢- 0, 180 deg pitch plane are
presented in Figure 25a-f . Each figure, listed consecutively by increasing

Oy depicts the conjugate sets of windward and lseward heat rate ratios

obtained throughout the Re- range.
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At low @, the heating rate distribution (&D) is nearly independent
of Re. Figure 26 shows the basic qD for the Low Re Tun at ¢!T = -30.3
deg.

Complete A/S basic data are presented in Figures 27 through 29, Each
figure represents an a'[‘ condition and describes the radial ¢-plane c.ms
including, for comparison, the ¢= 0 180 deg pitch plane solid-symbol

data set.

Heating rates are plotted versus O for each thermocouple in Figures
30a-1.

A certain pattern of data fluctuation, or scatter, appears for these
plots, particularly with positive @-settings, that has to do with the
nonuniformity of the test core enthalpy profile.

A synthesis of ull q data have been performed to develop the inter-
polated heating-rate plots for a¢= 0, + 4, + 8, + 12, + 16 and * 20 deg us
shown in Figures 31 through 34: for small @ the windward t;D tapers off
from ‘.l/;ls = 0,65 near the nose to about 0.4 at s/RB = 0.8. Toward the
cone edge the heating rate rises to 0.45 + befcre dropping to about 0.2
at the extreme edge. As o is increased, a flatter gD is seen to develop
over both the windward and leeward pitch plane cone surfaces.

The pressure stagnation point and the point of amax are seen to shift
in the windward direction with variation in a.

For equivalent variations in a, however, the shift in ‘imax ts very
gradual when compared to the noticeable shift in pressure stagnation
point (FPigure 35). This may be due to a flow field velocity gradient
build-up over the nose surface curvature. Conceptually, thedaw/ Yo term
constitutes the driving member of the equilibrium boundary layer &s-cqultton

given by Fay & Riddell (Reference 7).

r
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From examination of all <'1 test data obtained for Stations #9 and #10

(S/RB approximately equal 0.6 and 0.73 respectively), it is concluded
that the heating rates are low relative to a faired distribution obtained
vhen by-passing these test points. The sleeve, or flange, machined as
an integral part of the A/S,and used as expansion point between the A/S
and model base,acts as a heat sink. This results in losses in &s at
thermocouple Stations #9 and #10 located close to the sleeve.

The following observations are made of the A/S leeweard heat transfer
data. At low & the heating rate reduces from a 0,63 max value at or
near the nose to a 0.4+ level along the cone. At greater values of s/lkB
o the level rises to 0.48. At highera's( < 11.2 deg) the leeward mid-

cone and edge heating rates rise to about 0.45 and 0.6 respectively. A
' further increase in & tc + 20 deg reverses the trend by lowering the lee-

ward heating rate profile along the cone. Toward the A/S edge, however,

byt

a Re-dependent rise in &/&s values appears which suggests the onset of
boundary layer transition.

The q interpolation plots were used to estimate the planform plots
of constant ;l/:l_., lines - iso- a/asil.ines - as presented in Figure 36,

These idealized plots are symmetrical about the pitch plane and show
the shift {n stagnation region with increase in negative . At a= -12
deg the region of &max is recognized at s/l?.B ~ .06, Less o -dependent {s
a belt-like pattern of 130-&/&8 lines equal 0.5 seen to prevail around the
peripheral region at a > 20 deg.

Additional High-ke. high-a runs with and without the wire boundary-
layer forced-transition device are shown in sequence {n Pigure 37, With-

) out the boundary layer trip the heating rate profile is being reduced with

.

incresse in aT from 11.2 to 22.2 deg. At ¢ = 2f.2 deg & pronounced
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{ncrease in heating rate is seen attributable to the onset of transition
to a turbulent boundary layer. With the wire trip placed in the vicinity
of the nose-cone tangency region a pronounced increase in q appears over
the mid-cone surface region. However, at O +f 9.3 and (possibly) 15.1

deg the rise in & subsides to lower levels near the edge, possibly indi-

cating areversal to the laminar bhoundary layer state.

At CIT = 19.7 deg and 26.2 deg however, the trip-induced q-increase
persists in a stromng transitional - or possibly turbulent - boundary layer

state throughout,

2. Base Cover Frustums

For simplicity, the afterbody heating characteristics can be
categorized into th~ following regions: the 40 deg frustum, the 62 deg
frustum, or the outer separation regions, and the inner (flat) base or
fnner separation region.

The VLC base flow heating characteristics are shown in Figures 38
through 41. The BC q results were plotted in sets of three R_ and two Oy
(0 and -11.2 deg.) conditions. The outer and inner thermocouple readings
(Stas #15 and #18 respectively) are combined with the readings of the two
calorimeters (Stas #16 and #17) located in between to form a characteristic
a profile which prevailed throughout the test. The {nnermost base thermo-
couple on the 62-deg frustum exhibits higher heating rates than do the
calorimeters located further out on the 62 and 40 deg frustum. In fact,
the low values measured by the Hy Cals would i{mply that a low-temperature,
low-density flow expansion about the 40 deg frustum occurs over a local
region too remote to be affected by the thermally elevated base-recircula-
tion flow fields. By contrast, the inboard Station 18 thermocouple is more

accessible and hence more {nfluenced by the base recirculation {low regime.
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By the same reasoning, the pos-Q runs result in the higher q profile

in each conjugate set. Simple measurements of the differences between
the heating rates for negative and positive a rums suggest that the R,
effect on the BC é is indirect in nature: the base-recirculation
heating 1is relatively more pronounced at higher Re'

In addition tc Sta #18 thermocouple located at @ = 0 on the 62 deg
frustum, three similar sensors were installed ac constant base radii at
¢ - angles of 30, 60 and 90 deg as measured from the pitch plane. The
é results from these sensors appear in Figures 40 and 4.. Heating rates
(ﬁ/is) less than 0,01 were obtained with neg-Q runs whereas higher rates
as high as 0.04 were measured for the positive -O runs.

The threec scets of runs at noaial a's of 11.2, 16 and 20 deg per-
formed with and without A/S bouadary layer wirce tripping devices were
compared for base heat -transfer rates as shown in Figure 38a.

The BC heat traasfer values denoting the tripped flow runs appeared

slightly lower than the equivalent no-trip data., Speculations that

this negative difference, although slight, be attributed to the trip

run flow energy losses to the A/S may bc countered by the argument of

data uncertainty normally associated with heat transfer tunnel tests.

In Section I1I, the convective heat transfer rate was jdentified by
equation 3 which assumes & very thin model skin. Sample calzula:ions
based upon this assumption appear in Appendix A, For the A/S corner
region (Stas #13 and #15) showing the highest temperature gradient, the
thermal conduction correction term ‘A(ailas) may come to 0.04%. In
terms of -heating rates measured for Sta #15, on the order of 0.8, the

conduction correction provides a S0 perceat reduction Lu the mcasured

value.
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VI. CONCLUSIONS

A/S and BC pressure and heat-transfer distribution measurements were
obtained for two 0.029 VLC models tested in the LRC M-8 VDHT at e s
between O and + 20 deg. The ranges in Re are between 3.5 x 106 and 1.5 x
106 for the pressure test and between 4.3 x 106 and 1.7 x 106 for the heat
transfer test.

Results of the study led to the tollowing conclusions:

1) A/S PRDs are nearly independent of variations in R_.

2) Windward and leewerd PDs vary in profiles with increase in o
from the one diametrical/symmetrical profile at &= 0 tn the two flatter
PD profiles appearing at O = 20 deg.

3) BC PDs with High-Re conditions are nearly uniform and match very
closely the ambient free stream static pressure Pep -

4) A/S radial plots at a =0 of heating rate ratios &1/&5, vary from
about 0.63 at s/RB =0 to a low of 0.4 at s/RB = 0.5, Variations in ¢
result in flatter &Ds over both the windward and leeward pitch plane sur-

faces. While the low-at iD {s unaffected by changes in Re. the high-o
qD levels appear to rise slightly with increase in Re'

5) BC heating rates are less than a few percent of the reference
stagnation heat transfer rates. Radial distributions are characterized
by an elevated q velue for the inboard sensor which can be correlated with

a thermally elevated near-wake circulation flow pattern.
L}
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TABLE IV

COMPOSITION OF 17-4 PH STAINLESS STEEL

COMPOSITION OF 17-4 PH

COMPOSIT ION,
MATERIAL SYM, PERCENT
Carbon C 043
Manganese MN .24
Phosphorus P .017
Sulfur S .017
Silicon S1 .52
Chromium CR 15.59
Nickel NT 4,40
Copper Cu 3.47
Columbium CB .22
Tantalum TA .01

Y ' .
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LANGLEY MACH 8 VARIABLE-DENSITY HYPERSONIC TUNNEL

L-61-2866

The Langley mach 8 variable-density hypersonic tunnel is located in
Building 1247D and is under the direction of the Aero-Physics Division. This
tunnel is used for fundamental aerodynamic and fluid dynamic investigations
over large Reynolds number ranges using pressure and heat-transfer measurements.
The test medium is air and is heated by a combination of Dowtherm and electrical
resistance. Model mounting consists of sting mount with injection mechanism.
The tunnel has an axially symmetric contoured nozzle. The test-section diameter
1s 18 inches, and the test core slize is 4 inches to 14 inches depending on pres-
sure. It exhausts into a vacuum tank or atmosphere. Examples of operating
conditions are as follows:

Stagnation pressure, psfa . . . . . . o o e e e e e e e e e e 15 to 2930
Stagnation iemperature, OR . . . . . . . ¢ o o e e e e 1160 to 1510
Mach NUMDET .+ + « « « « « « o o o o o o o o o o o o o s o . 7.5 to 8.0
Reynoids number per foot . . . « ¢ « ¢ o 0 00 e e 0.1 x 106 to 12.0 X 106
Running time, sec, for -

Exhausting into vacuum tank . . . o ¢ o o0 e e e e e e e e 90

Sxhausting into atmosphere . . . . . . . e e e 0 e e e e e 600
Repeatability

@2500 psi repeatability~ 30 psi/run to run
@ 200 psi repeatability~ 5 psi/run to run

Total Temperatures for given Total Presaures
Ptl 304 psi T, = 1236 R

= 1100 psi * = 1390 °R
= 1864 psi = 1396 °R
= 2500 psi = 1415 °R

Insertion G Force > 50 g
Figure 1 Langley Mach & Variable-Density Hypersonic Tunnel Description
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APPENDIX 1

A. Heat Conduction Corrections

The validity of the assumption of zero conduction in the skin (see
equations 1-2) was investigated by evaluating the radial heat-conduction
terms at the A/S model nose and peripheral corner.

1. Aeroshell Nose

The relaxation method for conduction problems, Refercnce 8,
was used for the nose thermocouple locations as shown in Sketch 1.
The A/S nose is simulated by a simple control volume where the heat

flow to the stagnation point O {is

AQ = (TA + '1'25 + T31 + '1‘33 - A'ro) in (Btu/sec).

k is the thermal conductivity and the temperature subscripts
denote the five thermocouple points involved.

Choosing a specific High-Re, zero @ run condition, Run 30, the conduction

increment becomes:

10.4 Btu
3600 Ft-sec-OF

4Q = x (0.00275) (FT)

x (253.5 + 252.7 + 253,0 + 249.0 - 4 (2720)) (°P)

AQ = -0.00067 Btu/sec

This small negative quantity indicates that negligible heat is conductad

from the stagnation point 0 to the surrounding thermocouple points,

2. Aeroshell Corner

Maximum temperature gradients exists around the A/S cone-edge

from Sta #13 (front) to Sta #15 (back side).
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Assuming the total heat conduction aroand the same reyion to bhes
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Lok e, don O

4t ko TRy do Os

and basing the temperature sradicut torm SU s on g veneralt  Re

temperature level taken at Sta, 18, (he conductron temn tor run 30

at llig.h-Rv amd sero-oy hocomes : AQ O, 0l

To compare this conduction quantity with the stawnation heat fransfer

rate for run R0 ot

g o= 0 Biu 1t -sec,
N

R reterence area, A is assfgned as that part ot the A 8 corner surtace

extending bevond Sta #13 G showa in Sketeh O

.

A practical  length of the model tlange, or vim, mav be the retipheral

dimenston 0 R“. Henee,

3y
aA = ITR x 3¢
Consequently, the ratio of the conducti{on hest franster to the stagnat{on

heat trauster becomesn
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B. Surface Roughness

Regarding the no-trip, bigh-a (aT = 26,2 deg) boundary-layer-
induced increase in é, the question raised as to possible effects of model
surface roughness remains unanswered.

The following measurements are listed for reference only and are not
intended for use directly in accuracy analyses of heating rate data.

Ar attempt was made to medsure the model post-test roughmess from
surface photographs (not shown). From that of a pretest article complying
with the 30 micre-inch surface finish the model A/S had suffered a degrada-
tion by exposure to tunnel particle abrasion discerned in localized areas
as pits and dimples ranging in diameter between 10-& and 10.2 in. For com-
parison only, at High R, test conditiomus the leeward boundary layer momentum
thickness, €, and Reynolds number based on leeward boundary layer momentum

thickness, Reo , were 0 (10-3) inch and about 200 respectively.




APPENDIX IT

VLC NEAR-WAKE TEMPERATURE SURVEY

During the week of July 16 through 21, 1972, VLC model near-wake
temperature surveys were made in the LRu M-8 VDHT for X = -11.2 deg.

The temperature probe as shown in Figure Ila was developed by LRC.
A simple chromel alumel thermocouple probe w:s installed at the end of
a curved narrow sting suspended from the tunnel ceiling. The thermo-
couple junction was made up of 0.005 in. diameter wires and suspended
between two 0.010 in, diameter thermocouple wires ahout 0.10 in. apart.

The probe coordinates X-Y are denoted in Figure IIb. The X-coor-
dinate is measured aft in the axial direction normal to the plane
through the peripheral corner. The probe was oriented successively at
three near-wake distances assigned within the given Qimension from the
plane through the VLC corner to the base cover circular base plate. The
Y-coordinate of each prole setting reaches from the base cover frustum.

The Low-R, (X-Low R,) run conditions were investigated. Again, the
duration of each model run exposure to tunnel flow was about five seconds.
Before each run, the probe setting was approximated relative to the model,
but the exact probe location was assessed from schlieren pictures.

From simultancous measurcments of probe temperature, tunnel adiaba-
tic recovery temperature, and model base wall temperature, the tempera-

ture ratio:

was plotted as shown {1 Fiqure I1Ib., The @ ratio appears constant within

the base recirculaticn flow region which {s bounded by the boundary layer
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flow field undergoing the turning expansion around the edge. In the shock

layer - or shear layer - prevailing beyond this boundary the @ -ratio
increases with the Y coordinate and should, if monitored out to the bow-
shock boundary, approach one asymptotically. Sufficient test data were
obtained to identify the boundary between the constant-€@  and the
increasing-@ regions. The distance: to these boundaries,Ys1,, from the
base cover reference points were ured a; ceference parameters in normalized
e plots; Figure IIc.

Finally, isolines of constant O -ratio were plotted as shown in
Figure IId. As alrcady indicated in Figure 1IIb the O -ratios increase
with R.. Figure 1Id also suggests the occurrence of a recirculation
bubble in the vicinity of the aft 62-deg. frustum.

The VLC Low-R, near-wake temperature survey in the LRC M-8 VDHT air

medium facility will be used as reference during the forthcoming VLC

near-wake temperature survey to be conducted in the LRC M-6 CFQ tunnel,
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